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1. MD SIMULATIONS OF THE β-LACTAMASE AVIBACTAM COMPLEX.
Comparison of protein structure stability between protonated and deprotonated forms of Glu166
To examine the maintenance of protein structure under the simulation conditions, we calculated the root-mean-square deviations of backbone heavy atoms from the starting structure of production dynamics (RMSD init ) during the entire simulation time for the two CTX-M-15 avibactam complexes differing in the Glu166 protonation state (Fig. S1 ). The RMSD init values remained within 1.5 and 1.2 Å for both the neutral and deprotonated Glu166 structures (Fig. S2 ), respectively, with the corresponding average values of 0.95 and 0.90 Å; these results indicate that the modeled protein is conformationally stable during the simulations independent of the Glu166 protonation state. These results also suggest that the CTX-M-15 avibactam complex favors the deprotonated form of Glu166.
The deprotonated Glu166 plays an important role in the catalytic action of CTX-M-15 (and, at least most other, serine β-lactamases); therefore, knowledge of its protonation state is important in mechanistic investigations. Despite knowledge from crystal structures of CTX-M-15, 1 it is difficult to assign the protonation state of Glu166 in an unambiguous manner, in part due to the presence of a 'structural' water molecule (Wat411) in its vicinity. In contrast to the assigned preference of the ionized form of Glu-166 in the apo CTX-M-15 structure, 1 the neutral form of Glu166 was proposed to be favored in the crystal structure of CTX-M-15 avibactam complex. 1 However, the role of deprotonated Glu166 in the deacylation mechanism of Class A enzymes cannot be generalized because of the possibility that Glu166 plays a role as a general base to activate a nearby water (Wat411, (Fig. S1 ) in order to hydrolyze the avibactam acyl-enzyme; such hydrolysis occurs, albeit slowly, with another serine β-lactamase KPC-2 whose active-site residues occupy very similar positions to those of CTX-M-15.
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On the basis of the crystallographically observed interatomic distances between Wat411, Glu166, Asn170, and Ser70 observed in the structure of CTX-M-15-avibactum complex, 1 two possibilities for the hydrogen-bonding patterns may be taken into account for the Glu-166 protonation state (Fig. S1 ).
The first involves the deprotonated form of Glu166, with Wat411 playing the role of a hydrogen bond donor with respect to Glu166 and Ser70 (Fig. S1a) . Alternatively, Glu166 may exist in the neutral form in which Wat411 receives and donates the hydrogen bonds from Glu166 and to Asn170 and Ser70 ( S1 ).
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2. MP2/6-31G* AND WB97X/6-311++G** CALCULATIONS
Stationary points:
All stationary points were fully optimized at the RHF/6-31G* level of theory using the GAMESS program. 4 Geometry optimizations were performed using analytically determined gradients and quasiNewton-Raphson optimization algorithms.
Each assigned transition state structure was identified to have a single negative eigenvalue and the corresponding imaginary vibrational frequency was related to the motion that connects the expected starting and final minima. The intrinsic reaction coordinate (IRC) connecting a transition state to a neighboring energy minima was determined using the Gonzalez-Schlegel second-order (GS2) method 5 at the same level of theory as used in the geometry optimizations. Post-Hartree-Fock level calculations including the effects of electron correlation were conducted for the optimized stationary-state structures.
These single point calculations were carried out with the 6-31G* basis set using Møller−Plesset secondorder perturbation theory (MP2). 6 Considering the possibility of underestimating the electron correlation effects, we also carried out single point calculations based on the density functional theory at wB97X/6-311++G** level. The figures in the main text ( 
